It does appear that reluxation rates for all three techniques investigated here compare favourably to generally quoted reluxation rates following open reduction (28% quoted by Rochereau et al., 2012) and that the use of all reported techniques can be justified for the management of craniodorsal coxofemoral luxations in cats. The evidence Three studies were identified which addressed the PICO question and fitted the inclusion and exclusion criteria applied. All the studies identified were noncomparative case series. The number of cases included in the studies was low: 4, 14 and 20 (median 14). Some other case series reporting outcomes for both feline and canine patients were excluded due to the low number of feline patients (three or less), along with a number of case reports. All three studies described a surgical technique used for the open reduction and stabilisation of craniodorsal coxofemoral luxations in feline patients from a referral population. Two of the studies (Sissener et al., (2009) and Pratesi et al., (2012) ) presented only feline patients, whilst Ash et al., (2012) presented findings for four feline patients and five small dogs. Only the results as they applied to the feline patients were considered. Sissener et al., (2009) described the use of transarticular pins (1.6 mm diameter in the majority of cases with 1.2 mm and 2.0 mm pins also used) left in-situ for between 2 to 6 weeks in 20 cases. Radiographic follow up was performed at pin removal and, for 12 of the cases, at a time point > 6 months postsurgery. No reluxations were identified at short-term follow up, but two patients radiographed > 6 months later demonstrated reluxation. In addition to reluxation, complications included a bent 1.2 mm pin identified 6 weeks postoperatively in one patient and spontaneous resorption of the femoral head and neck identified 6 months postoperatively in another. Pratesi et al., (2012) described a toggle rod technique used in 14 cases. A 3.2 mm IMEX toggle rod with two strands of 4 metric polydioxanone was used for the majority of cases. In two cases three strands of 4 metric polydioxanone were used and in one case the polydioxanone size was increased to 5 metric. A single case also had a smaller 2.7 mm toggle used. Short-term radiographic follow up was performed at 3.5-8 weeks postoperatively, revealing two patients had suffered reluxations. No other complications were reported. Ash et al., (2012) applied an identical technique to all four feline cases, using an Arthrex Mini TightRope toggle and Arthrex FiberWire suture. No reluxation was noted at 6 week postoperative radiographs and none of the feline patients experienced any other complications. Reluxation rates including time of assessment for all three studies are summarised in the following Table 1 : Reluxation rates and assessment times for the 3 studies
Veterinary Evidence
All three studies also presented other, subjective, outcome measures that were not directly applicable to the PICO question. These included lameness assessments performed by a veterinarian and owner outcome questionnaires conducted by telephone. Along with the subjective nature of these assessments, all studies failed to describe observer standardisation, introducing observer bias, and time to follow up with owners varied widely introducing recall bias. • A variety of methods were utilised for pin placement including direct normograde pin placement, retrograde pre-drilling prior to pin placement or normograde pre-drilling using a C guide. Handchuck or power drill were used for pin placement.
• 1 x 1.2 mm, 17 x 1.6 mm and 3 x 2.0 mm pins were placed with estimation of pin size based on recommendations made in previous reports of this technique in dogs.
• A greater trochanteric osteotomy was performed in one case.
Primary closure of the joint capsule is reported to have been performed where possible. Study design: Retrospective dual-centre case series
Outcome studied: • Telephone questionnaire with owners 21 months (mean: range 6-66 months) post-treatment.
• Outcome measures for owners's questionnaires were description of cats gait, ability to jump, stiffness after rest or exercise, was cat receiving any medication with owners and grading overall outcome.
• 13/20 cats were presented for physical examination by authors at least 6 months post-treatment and outcome was graded: poor, fair, good, very good or excellent based on criteria described by Nunamaker (1973) .
• 19/20 cats were radiographed prior to pin removal 2-6 weeks postsurgery: maintenance of coxofemoral reduction was noted.
• 12/20 cats were radiographed at least 6 months following treatment. Maintenance of coxofemoral reduction and presence of degenerative joint disease were assessed.
• Overall outcome is reported as functional joint with intact coxofemoral joint confirmed on radiography at least 6 months after treatment.
Main findings: (relevant to PICO question)
• Overall success rate defined as a functional, intact coxofemoral joint confirmed to have remained reduced at > 6 months post-treatment was 77% consisting of 10/13 joints radiographed > 6 months postsurgery that met this definition.
• Reluxation occurred in 2/13 joints presented for radiography > 6 months post-treatment giving a long term reluxation rate of 15%. • 1/13 joints presented for radiography > 6 months post-treatment had experienced femoral head and neck resorption.
• Of the cats that presented for radiography and pin removal (19/20) 2-6 weeks post-treatment, all had maintained coxofemoral reduction at this stage, resulting in a short-term relaxation rate of 0% (0/20 joints).
• The 1.2 mm pin was bent at time of pin removal.
• Owner outcome for patients with reluxations were both still graded as very good.
• One patient was lost to any follow up with a total of eight patients lost to long term follow up. Limitations: 5. Retrospective case series are a low level evidence on hierarchy of evidence available. • Noncomparative study.
• Referral population studied, so does not directly relate to clinical scenario. 17/20 concurrent injuries.
• Some signalment details (weight and breed) which may be relevant to outcome were not given in the study.
• No details of standardisation of veterinary surgeons, as a two centre study.
• Also variation in size of pin selected and technique for placement.
• Both short and long-term radiographic follow up occurs at variable time points. Mean follow up times are quoted, but given the wide ranges, medians would be more appropriate.
• Radiograph observer is standardised for long-term follow up but not short-term follow up.
• 8/20 cats lost to long term follow up. Given reluxation was identified at long-term follow up but not short-term follow up, this is significant.
Ash et al., (2012)
Population: Feline and small canine patients presenting to a single referral centre for management of traumatic craniodorsal coxofemoral luxation and undergoing surgical stabilisation using a toggle technique (Arthrex TightRope and Mini TightRope systems). For feline patients, trauma to surgery ranged from 2-4 days, and patients's weights ranged from 3.7-4.7 kg. All were domestic shorthaired cats. Presence of any concurrent injuries is not given. Patients were excluded if there was radiographic evidence of periarticular fractures, hip dysplasia or osteoarthritis.
Sample size: 4 felines and 5 canines n = 4 relevant to PICO Intervention details: • All four feline patients had craniodorsal coxofemoral luxation managed using surgical stabilisation with Arthrex Mini TightRope toggle and Arthrex FiberWire suture.
• Postoperative management was standardised with enforced cage rest for 2 weeks and unrestricted exercise after 10 weeks.
• No greater trochanter osteotomies are described and there is no reference to primary closure of any remnants of joint capsule. Outcome studied: • Number of days to postoperative weight bearing.
• Lameness evaluation performed 2 and 6 weeks postoperatively. Scored 0 = normal gait, 1 = mild weight bearing lameness, 2 = moderate weight bearing lameness, 3 = severe weight bearing lameness, 4 = severe intermittent weight bearing lameness, 5 = severe continuous non-weight bearing lameness.
• Radiographic (orthogonal views) follow up 6 weeks postoperatively.
• Telephone follow up with owners using standardised questionnaire conducted 16-44 weeks postoperatively.
• Descriptive recording of complications.
• No loss to follow up.
Main findings: (relevant to PICO question)
• Radiographic follow up at 6 weeks postoperatively showed unchanged quality of hip reduction and toggle position and absence of periarticular osteophytosis or coxofemoral remodelling.
• Reluxation rate at 6 weeks postoperatively was therefore 0%.
Limitations:
• Retrospective case series are a low level of evidence on hierarchy of evidence available.
• Noncomparative study.
• Inclusion criteria not clear with no detail of any concurrent injuries given.
• Some signalment details including weight and age, which may be relevant to outcome were not given in the study.
• Surgical procedure and postoperative care standardised but no detail of the number of surgeons.
• Subjective outcome measures without observer standardisation.
• Wide range of follow up time, although quoting median time rather than mean is helpful.
• Small sample size in target species. Mean days from trauma to surgery was 3.2 days (range from 1-6 days). 9/14 patients are reported to have concurrent orthopaedic injuries and 3/5 patients presenting with coxofemoral luxation only had small articular bone fragments from either femoral head or dorsal acetabular rim. In six cases a referring vet had attempted closed reduction.
Veterinary Evidence
Patients's weight ranged from 2.8-6.8 kg, ages from 7 months to 10 years and breeds were 11 domestic short-haired, 1 domestic longhaired and 2 British short-haired cats.
Sample size: 14 cats n = 14
Intervention details: • All cases were managed with open reduction and stabilisation using a toggle rod technique.
• A 3.2 mm IMEX toggle rod with two strands of 4 metric polydioxanone were used in ten cases. Variations in this were used of 2.7 mm toggle (1 cases), use of three strands of 4 metric polydioxanone (2 cases) and use of two strands of 5 metric polydioxanone (1 case). A 2.0 mm femoral bone tunnel was used in 9 cases with 1.5 mm (1 case), 1.6 mm (1 case) and 2.5 mm (3 cases) also used.
• Surgical technique altered slightly to allow management of concurrent injures (as above).
• Use of greater trochanter osteotomy is not described, but partial deep gluteal tenotomy was variably used in the approach. • Joint capsule repair was possible in one cat.
• Immediate postoperative care was standardised and cage rest implemented for 4-8 weeks dependent on presence of other orthopaedic injuries. Outcome studied: • Veterinary assessment and follow up radiographs performed 3.5-8 weeks postoperatively.
• Clinical examination findings recorded were use of affected limb and range of movement and hip stability assessed under sedation.
• Radiographs assessed maintenance of coxofemoral reduction and percentage of pelvic canal narrowing due to presence of toggle rod.
• Telephone follow up was performed with 11/13 owners 4-42 months postoperatively (mean follow up 15.5 months). Two patients with coxofemoral reluxation at previous radiographic assessment were excluded from this follow up.
• Details recorded were: time to achieve good use on operated leg, use of any medication, use of litter tray and any concerns about urination and defecation and an overall quality of life assessment (poor, fair, good, very good or excellent).
• Owners also completed questionnaire designed to assess degenerative joint disease associated pain with nine specific functions and four behaviours assessed on five point scale.
Main findings: (relevant to PICO question)
• All cats were weight bearing on the affected limb the day after surgery.
• Radiography at 3.5-8 weeks postoperatively revealed reluxation in 2/14 cases, a 14% reluxation rate.
• For cats without reluxation, limb use was considered normal on clinical exam, and hip stability and range of movement normal under sedation.
• Good limb use despite reluxation was noted in these two cases.
• The 11 cats without reluxation had longer term follow up at 15.5 months (mean time to follow up) by owner questionnaire. 10/11 owners reported excellent quality of life for their cats and 7/11 considered their cats to have normal limb function. Limitations: • Retrospective case series are a low level of evidence on hierarchy of evidence available. • Noncomparative study.
• Inclusion and exclusion criteria are not defined.
• Variability in surgical technique, although all surgeries were performed by one of two boarded surgeons.
• Subjective outcome assessments including veterinary assessment, radiographic assessment and owner survey.
• Details of observers of radiographic and veterinary assessment not given.
• Time from surgery to owner survey is very variable (range 1.5-39 months) and would be better expressed as median time to surgery rather than mean.
• Two patients experiencing reluxation are excluded from long-term follow up, and one further case is lost to longer-term follow up.
Appraisal, application and reflection
There is a lack of high quality evidence available to address the clinical question as all of the relevant studies identified and appraised here are retrospective case series. These sit low on the hierarchy of evidence and, particularly as they are not comparative studies, are not appropriate for assessing the impact of a specific surgical technique on outcome. Randomised, controlled, blinded studies that compare the two surgical techniques are needed to generate high quality evidence on which to base clinical decisions. A large number of surgical stabilisation procedures are described for the management of coxofemoral luxation, but there is little evidence to guide technique choice (Moore, 2006) . Reluxation is reported to be the most common complication following open reduction and surgical stabilisation of coxofemoral luxations. Rochereau et al., (2012) reports rates of around 28% for a variety of open reduction techniques including extra-articular stabilisation and ventral approach for the placement of stainless steel rope cases. It should be noted that many of the studies quoted examine reluxation rates for studies in dogs only. The reluxation rates quoted in all the studies (Table 1) appear to compare favourably with this, providing some evidence to support the use of these techniques. However, alongside the low case numbers, the variability in follow up time reduces the quality of information generated. In addition to this, none of the three studies described standardise the observer for short-term follow up radiographic assessments and whilst presence of coxofemoral luxation on a radiograph is relatively objective, observer bias is possible. Longer-term radiographic follow up is only performed in the transarticular pinning study (Sissener et al., 2009). It is interesting that reluxation was first identified at least 6 months after surgery, at least 5 months after pin removal, in two cases. Ash et al., (2012) argues that 6 week follow up is adequate for assessing reluxation rates since long term periarticular fibrosis is responsible for stability after this stage and reluxation rates beyond this time frame are very low. However, the findings of the Sissener et al., (2009) study suggest that longer-term follow up is important in establishing reluxation rates. The evidence generated by these studies would be more valuable if follow up was standardised and long term, greater than 12 months, follow up was available for all the surgical techniques. All of the studies identified describe management of cases at referral centres. This means the cases reported are unlikely to directly reflect those managed in the primary care setting. Specifically, cases are likely to have a higher incidence of concurrent injuries and for more time to have elapsed between luxation and treatment. Both of these factors might be expected to increase reluxation rates. Pre-surgical management is also variable and variably reported. Duration of luxation is not reported by Sissener et al., (2009) whilst prereferral management is not described by Ash et al., (2012 management of concurrent injuries and therefore the patients in these studies are not always subject to the same postoperative management, which would be expected to impact on reluxation rates. Differences in inclusion and exclusion critera, or the lack of these criteria, across the studies compromises the ability to compare reluxation rates for the different surgical procedures. Total relevant papers when duplicates removed 3
